The reaction of [Ru 3 (CO) Cluster 3 has a superficially similar planar metal core, but with a different bonding mode with respect to that of 1. The Ph 2 Sn group is bonded most closely to Os(2) and Os (3) [2.7862 (3) 
Introduction
Recently, bimetallic cluster complexes have attracted great interest because of their use as precursors to bimetallic nanoparticles by gentle thermolysis on high surface area mesoporous supports and have been shown to be superior catalysts for hydrogenation reactions.
1 Tin 2-5 and germanium 6 are widely used to modify and enhance the activity of bimetallic catalysts leading to increased selectivity in a variety of chemical transformations.
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There is also evidence that tin can assist in the binding of metallic nanoparticles to oxide supports when used in heterogeneous catalysis. [3] [4] [5] 7 Oxidative addition of R 10 For example, the highnuclearity bimetallic Ru-Sn cluster compounds, [Ru 5 (CO) 10 (SnPh 3 )(μ-SnPh 2 ) 4 (μ 5 -C)(μ-H)]
and [Ru 5 (CO) 7 (SnPh 3 )(μ-SnPh 2 ) 4 (μ 5 -C)(μ-H)], containing five tin ligands are formed from the reactions of [Ru 5 (CO) 15 (μ 5 -C)] or [Ru 5 (CO) The objectives were to synthesize bimetallic complexes with sulfur and tin ligands in unusual bonding modes which could be used as precursors to nanoconductors, because the presence of two functionalities in one molecule proffers an extended π-electron system with possible metal-metal interactions.
Besides the structural characterization the electronic structures of these compounds were investigated by DFT calculations and also the electrochemical properties of the products were studied in an attempt to gain a further understanding of how changes in the bonding mode of the ligands to a trimetallic core impacts its electron acceptor-donor properties.
Results and discussion
The reaction of [Ru 3 (CO) 
Ru 3 (CO) 12
Scheme 1
The structure of the cluster is illustrated in Figure 1 , with selected parameters given in the caption. 
Scheme 2
The Os 3 Sn cluster 3 has a superficially similar metal core to that of 1, but the details are different. As shown in Figure 2 , again there is a planar array for the metal atoms, but the Ph 2 Sn group is bonded most closely to Os(2) and Os (3) 
Scheme 3
The structure of 5 is given in Figure 3 , which shows a completely different species to that obtained from the same reaction with [Ru 3 the dppm ligand, a common ionisation process for dppm-substituted clusters. 16, 21 Both of these ions were remarkably robust, undergoing CO loss only at high cone voltages, >60 V, and in contrast to the very ready loss of Ph 3 Sn + from 1, there was no indication at all of a similar process for 5.
The cyclic voltamograms for clusters 1 and 5 in dichloromethane show irreversible reduction waves at -1.22 and -1.37 V and irreversible oxidation waves at +1.12 and +0.87 V respectively relative to the ferrocene/ferrocenium ion couple. That cluster 5 shows a more 8 negative reduction and more positive oxidation half wave potential can be attributed to the presence of the electron donating properties of the dppm but the significant difference in their structure make even this conclusion tentative.
Calculation of the optimized geometries of complexes 1 and 3 was performed in order to gain some further insight into the nature of the bonding between the Sn and the Ru or Os atoms in the metal core. All calculations were performed using the Gaussian 03 package.
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Geometry optimization of the two clusters was obtained with a two-level ONIOM (Figure 4a ). The HOMO orbital for 3 is also localized in the Os 3 Sn metal core but has electron density in more out of plane regions and involves the Os(2)-SPh and Os(3)-SPh moieties (Figure 5a ). These differences are in agreement with the observed very short Ru(2)-Sn(3) bond length relative to the other Sn-Ru bonds in 1, while in 3 the related Os(2)-Sn(1) bond is only slightly shorter than the other two Os-Sn interactions (Table 3 ). The LUMO orbital for 1 is metal based and shows a bonding region in the area of Ru(1)-Sn(3)-Ru(3) while the LUMO for 3 is mainly localized on Os(1) and Os (2) and is antibonding in nature (Figure 5b ). This is in agreement with the larger HOMO-LUMO gap observed for 5 (0.136 eV, 1096 cm -1 ) relative to 1 ((0.095 eV, 766 cm -1 ).
Conclusions
In summary, bimetallic compounds [Ru 3 Platform II ESI mass spectrometer, with MeOH as mobile phase and NaOMe added as an ionization aid. 16 The m/z values reported are the strongest in the isotope envelope, and formulations were confirmed by matching isotope patterns with simulated ones generated with ISOTOPE. 30 Fast atom bombardment mass spectra were obtained on a JEOL SX-102 spectrometer using 3-nitrobenzyl alcohol as matrix and CsI as calibrant. X-ray Crystallography.
X-ray intensity data were collected on a Bruker SMART CCD diffractometer with Mo-Kα Xrays using standard procedures and software. Semi-empirical absorption corrections were applied (SADABS). 31 Structures were solved by direct methods and developed and refined on F 2 using the SHELX programmes 32 operating under WinGX. 33 Hydrogen atoms were included in calculated positions.
Electrochemistry
Electrochemical measurements were performed using a BAS CV-50W analyzer equipped with a standard three-electrode cell. The cell was designed to allow the tip of the reference electrode to approach closely to the working electrode. Voltammetric experiments were performed using aqueous Ag/AgCl as a reference electrode, a glassy carbon as a working electrode and platinum wire as the auxiliary electrode. Potential data are referenced to the ferreocene(0/+) couple, which is oxidized in CH 2 Cl 2 at +0.48 V vs Ag/AgCl. Typically, a solution containing 1 mM of the cluster and 0.1 M supporting electrolyte (tetrabutylammonium hexafluorophosphate, Bu 4 NPF 6 ) was prepared using freshly distilled dichloromethane. The solution was degassed prior to introducing the sample and also between runs. Positive feedback iR compensation was routinely applied.
Computational Details
All calculations were performed using the Gaussian 03 package. The structure of the cluster [Ru 3 (CO) 8 (µ-SPh) 2 (μ 3 -SnPh 2 )(SnPh 3 )] 1, shown with 30% ellipsoids. Selected parameters: Ru(1)-Ru(2) 2.9020(7), Ru(2)-Ru(3) 2.9090 (7), Sn(3)-Ru (1) 3.0986 (7), Sn(3)-Ru(3) 3.0488 (7), Sn(3)-Ru(2) 2.5380 (7), Sn(1)-Ru(1) 2.6832(6), Sn(2)-Ru(3) 2.6808 (7) 
